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A block motion estimation method 

BACKGROUND OF THE INVENTION 

5 

The invention relates to a block motion estimation method for 
estimating a motion vector on the basis of a position of a 
block in a current picture compared to a position of the 
found block in a reference picture. 

10 

In the field of encoding a video sequence (video encoding) , 
the compression of video data has become a very important 
issue for reducing the amount of data needed to be 
transmitted and/or stored for the encoding of a plurality of 
15 pictures in a quality which is sufficiently high for a user. 

A very important factor with respect to video data 
compression is the motion estimation between subsequent 
pictures of the video sequence, which is used to extract 
20 motion information from the video sequence. The extracted 

motion information is used for avoiding or at least reducing 
the temproral redundancy in subsequent video pictures. 

Block-matching motion estimation is widely applied in many 
25 motion-compensated video coding techniques/standards such as 
ISO MPEG-1/2/4 and ITU-T H. 261/262/263/2 63+ /2 6 3L, which is 
aimed to exploit the strong temporal redundancy between 
successive frames. By partitioning a current frame into non- 
overlapping rectangular blocks/rnacroblocks of equal size, a 
30 block matching method attempts to find a block from a 

reference frame (past or future frame) that best matches a 
predefined block in the current frame. Matching is performed 
by minimizing a matching criterion, which in most cases is 
the mean absolute error between this pair of blocks. The 
35 block in the reference frame moves inside a search window 
centred around the position of the block in the current 
frame. The best matched block producing the minimum 
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distortion is searched within the search window in the 
reference frame. The displacement of the current block with 
respect to the best matched reference block in x and y 
directions composes the motion vector assigned to this 
5 current block. 

However, the motion estimation is quite computational 
intensive and can consume up to 80% of the computational 
power of the encoder if the full search is used by 
10 exhaustively evaluating all possible candidate blocks within 
a predefined search window. Therefore, fast algorithms are 
highly desired to significantly speed up the procedure 
without sacrificing the distortion sharply. 

15 Many computationally efficient variants were developed, 

typically among which are the so-called three-step search, 
the new three-step search, the four-step search, the block- 
based gradient desdent search and the diamond search 
algorithms, compare for instance references [1], [2], [3], 

20 [4], [5]. 

In the block-based motion estimation, the search pattern with 
different shapes or sizes has a great impact on the reachable 
search speed and the resulting distortion performance. 

On one hand, in the "three-step search, the new three-step 
search, the four-step search and the block-based gradient 
descent search algorithms, . square-shaped search patterns of 
different sizes are employed. These topics are described in 
[4] and [5] . 

On the other hand, the diamond search algorithm, as described 
in [2] and [3], adopts a diamond-shaped search pattern, which 
has demonstrated faster processing time with marginally worse 
35 distortion in comparison with the three-step search, the new 
three-step search and the four-step search. 
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The search pattern used in the diamond search algorithm has a 
rectangular, diamond shape. Two different sizes of diamonds 
are employed. The larger one consists of nine search points 
(also denoted as checking points), of which eight search 
5 points surround a central search point. The small diamond 

search pattern consists of five inner search points, of which 
four inner search points surround a central search point to 
compose the diamond shape. 

10 Recently, the inventors of the present invention have 

proposed a hexagon-based search algorithm (PCT/SG00/00176, 
unpublished) . The basic idea of this concept can generally be 
seen in a hexagon-based search algorithm in the block motion 
estimation in a sequence of pictures, i.e. a video sequence, 

15 where the search algorithm can achieve significant speed 
improvement over the diamond search algorithm with similar 
distortion performance. The hexagon-based search algorithm 
employs two different sizes of hexagonal search patterns. The 
larger one consists of seven search points, of which six 

20 search points surround a central search point. The small 

hexagon search pattern comprises five inner search points, of 
which four inner search points surround a central search 
point . 

25 However, there is still the emerging need to improve the 
processing speed for motion estimation. 

SUMMARY OF THE INVENTION 

30 It is an object of the present invention to provide a block 
motion estimation method which can be carried out with 
improved processing speed compared to the above-described 
search algorithms of the related art. 

35 The object is achieved by providing a block motion estimation 
method which increases the speed of the motion estimating 
process by checking only a part instead of all inner search 
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points within a polygonal search area without a significant 
loss of accuracy. 

According to the block motion estimation method of the 
5 invention, a position of a frame block in a current picture 
as compared to a position of said frame block in a reference 
picture is estimated by determining, at a plurality of search 
points of said reference picture, a variation of the current 
picture as compared to the reference picture. Said search 

10 points define a polygonal search area along the perimeter of 
the search area. Said search area includes some reference 
search points checked and inner search points to be checked. 
The method comprises the following steps: The plurality of 
checked reference search points is sub-divided into a sub- 

15 plurality of n-tuples, each n-tuple comprising n of said 

reference search points, wherein n is any integer number from 
1, and is normally 2, 3 or more. For each n-tuple of said 
sub-plurality of n-tuples, a distortion at each of said n 
reference search points of said each n-tuple is already known 

20 from the previous step and the determined distortions of said 
n search points is added so as to compute a sum of 
distortions of said each reference n-tuple. A selected n- 
tuple of said sub-plurality of n-tuples is determined having 
the smallest sum of distortions among said sub-plurality of 

25 n-tuples. At least one closest inner search point within said 
search area is identified to be checked, each said at least 
one closest inner search point having a distance from said 
selected n-tuple which is smaller than the distances of all 
the other further inner search points to be checked from said 

30 selected n-tuple. Furthermore, the distortion at said at 

least one closest inner search point is checked such as to 
determine that search point thereof having the smallest 
distortion. 

35 It is mentioned that the comparison of the current minimum 
distortion and the distortion of at least one inner search 
point adjacent to the selected n-tuple is performed in order 
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to determine that search point thereof having the smallest 
distortion. This search point with the smallest distortion is 
used in the estimation process, in other words the position 
of this search point provides one with the position to be 
5 estimated by the method. It is further noted that the search 
points forming the n-tuples are usually different search 
points than the above-mentioned inner search points. 

The invention is based on the recognition that there exists a 
10 strong correlation between the tupel with the smallest sum of 
distortion and the adjacent inner search points. 

The distortion can, for example, be determined based on the 
value of a physical parameter of a picture element in the 

15 reference picture and a picture element in the current 

picture, respectively. Such a physical parameter assigned to 
the picture elements may be a luminance information or a 
chrominance information, for instance. The calculation of the 
distortion can for example be performed by computing the mean 

20 absolute error between a physical parameter of a picture 

element in the reference picture and the physical parameter 
of a picture element in the current picture. 

According to a preferred embodiment of the invention, the 
25 reference search points are the central search point in the 
search area and the search points along the perimeter of the 
search area. However, especially in cases of large polygons 
or polygons with a low degree of symmetry, the centered 
reference search point can alternatively be displaced from 
30 the central portion of the polygonal search area. Coming back 
to the case where the centered reference search point is the 
central search point, before carrying out the method of the 
invention, preferably a coarse search has already been 
performed resulting in an orientation of the search area with 
35 respect to the reference picture in which the central search 
point has a smaller distortion than all the other search 
points located on the perimeter of the search region. 

5 



WO 02/098137 PCT/SGO 1/001 12 



According to a preferred embodiment of the invention, this 
coarse search is performed using an algorithm from the 
related art, for instance a three-step search method, a four- 
step search method, a diamond search method or a hexagonal 
5 search method. 

The search can comprise a one-pixel search method or a half- 
pixel search method or a quarter-pixel search method. In 
other words: the method of the invention is carried out 

10 preferably when the search is switched from a coarse search, 
with the search area moving with respect to the picture, to a 
finer-resolution focused inner search within the search area. 
However, the combination of one of the coarse search methods 
with the block motion estimation method of the invention 

15 shall be considered to be a part of the invention. 

Preferably, the reference picture is a preceding or a 
following picture of the current picture. However, usually 
the reference picture is a preceding picture- 

20 

The polygon defining the search area is a four-corner diamond 
according to a first preferred embodiment of the invention, 
while the polygon is a hexagon according to a second 
preferred embodiment of the invention. However, the shape of 
25 the search area is not restricted to these two geometrical 
forms. The shape of the polygon can alternatively be for 
instance a triangle, a rectangle, a pentagon, an octagon or 
the like. 

30 According to a preferred embodiment of the invention, the 
search points of each n-tuple are adjacent search points in 
the search area. For example, three adjacent search points 
located on a face of a four-corner diamond can make up a 3- 
tuple, alternatively one search point at one corner of the 

35 diamond and two search points located on two faces adjacent 
to the corner can make up a 3-tuple. A 2-tuple can be formed 
by two adjacent search points located on a face of a hexagon. 
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However, the search points of an n-tuple need not necessarily 
be adjacent search points. Especially in cases of large 
polygons , it can be reasonable to chose the search points of 
an n-tuple separated from each other by one or more further 
intermediate search points. 

The number of search points is determined by the size of the 
polygonal search area. Normally, the larger the polygonal 
search area, the larger is the number of search points. The 
lower level of the size of the polygonal search area is 
determined by the distance of adjacent search points. 

DETAILED DESCRIPTION OF THE INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a diagram illustrating a diamond search 

pattern according to a preferred embodiment of the 
invention; 

Figure 2 shows a diagram illustrating a diamond search 

pattern according to another preferred embodiment of 
the invention; 

Figure 3A shows a diagram illustrating a hexagonal search 

pattern according to a further preferred embodiment 
of the invention; 

Figure 3B shows a diagram illustrating a hexagonal search 
pattern according to the further preferred 
embodiment of the invention. 

Many fast block motion estimation algorithms employ gradient 
methods to find the optimal motion vector step by step. 
However, in these algorithms, only the smallest distortion is 
identified while the other distortion information is not 
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exploited for the following next-step search. In fact, there 
is a strong correlation among the search points to be checked 
in the following step and their neighbouring search points 
checked in the current step. To take advantage of all the 
5 available information maximally, a new efficient search 

scheme is proposed by the invention to minimize the number of 
search points to be checked in the following search step. The 
distortion information of all the checked points helps 
determine the "focused" region to be checked, i.e., a more 

10 restricted search in a smaller region in the following search 
step results in the reduction of the number of search points. 
The scheme is particularly useful when the search is switched 
from coarse search to focused inner search. The invented 
scheme can be incorporated into any known fast algorithm such 

15 as three-step search, four-step search, diamond search and 
hexagonal search to further improve these algorithms 
significantly. Especially the half- or quarter-pixel search 
can be benefited greatly from the new scheme by evaluating 
only fewer than half of the search points that are required 

20 regularly. 

Fast block motion estimation algorithms find motion vectors 
step by step. It is noted that for these fast algorithms only 
the point with smallest distortion is utilized while the 

25 other distortion information of the other checked points is 
not been exploited for the following search. In fact, there 
is a strong correlation among the search points to be checked 
in the following step and their neighbouring search points 
checked in the current step. In particular, when performing 

30 finer-resolution inner search, strong correlation exists 
among the inner search points to be checked in the shrunk 
pattern (such as diamond or square search pattern) and their 
surrounding search points checked in the large pattern. To 
fulfil more efficient search, the redundancy can be exploited 

35 for further speed improvement. In the scheme disclosed here, 
apart from finding the search point with the current minimum 
distortion, one also needs to consider the distortions of the 
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other points, and one selects only those inner search points 
for further analysis that are most likely to yield a smaller 
distortion in the next step. In contrast to the fast 
algorithms of the related art, the search scheme of the 
5 invention maximally utilizes the distortion information of 
all checked points to minimize the number of search points. 
The distortion information of the currently checked points is 
fully exploited to make a more restricted search in the 
following step. Thus the number of search points can be 

10 reduced by only checking those that are most likely to be 
better matched search points. It is assumed that the global 
minimum has a monotonic distortion, and the nearer a search 
point is to the global minimum, the smaller is the distortion 
of this search point. Based on this reasonable assumption, 

15 one only needs to check the portion of the search points in 
the following step that are nearer to the checked points with 
relatively smaller distortions. For example, as a large 
search pattern is switched to its shrunk one in many fast 
methods such as the three-step search method and its 

20 variants, the four-step search method, the diamond search 
method and the hexagonal search method, the focused inner 
search can be performed by only evaluating a portion of new 
search points that are nearer to the evaluated search points 
with smaller distortions rather than by carrying out the 

25 complete inner search. This can save a lot of search points 
especially for the focused inner search or half- or quarter- 
pixel search. Based on the combination of this search points- 
saving scheme and the hexagonal search method, a hexagonal 
adaptive search technique is disclosed according to an 

30 preferred embodiment of the invention. The hexagonal adaptive 
search technique also exploits the motion vectors of 
neighbouring blocks to further speed up the search process. 

The invention can generally be seen in an improved search 
35 scheme for carrying out a finer-resolution search for the 

position of a frame block in a reference picture compared to 
the position of the frame block in the current picture. This 
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implies that before carrying out the method of the invention., 
usually (but not necessarily) a coarse search had already 
been carried out. As a result of this preceding coarse 
search, the search area is usually located in the. reference 
picture in a way that the distortion at the central search 
point is smaller than the distortions at all search points 
along the perimeter of the search area. In other words, it is 
the main job of the block motion estimation method of the 
invention to find out the particular one of the inner search 
points which may have the smallest distortion among all 
search points. Concerning this finer-resolution search, the 
method of the invention usually analysed fewer inner search 
points than the finer-resolution search algorithms according 
to the related art. Thus, the motion estimation may be 
processed with improved speed compared to the motion 
estimation using the algorithms of the related art. 

In summary, the block motion estimation method according to 
the invention may find any point in the motion field with 
fewer analysed search points than the algorithms of the 
related art. 

The block motion estimation method will be described in 
detail with reference to preferred embodiments of the 
invention exemplified in the accompanying drawings. 

Referring to Fig. 1, a preferred embodiment of the block 
motion estimation method of the invention is described for 
the case of a diamond search pattern. 

According to this embodiment, the block motion estimation 
method for estimating a position of a frame block in a 
reference picture 100 as compared to a position of the frame 
block in the current picture is performed by determining, at 
a plurality of search points 101 of the current picture 100, 
a variation of the reference picture 100 as compared to the 
current picture, the search points 101 defining a four-corner 
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diamond-shaped search area 102 along the perimeter thereof, 
the search area 102 including a central search point 103 and 
inner search points 104. The method comprises the following 
steps: sub-dividing the plurality of search points 101 into a 
5 sub-plurality of 3-tuples 105, each 3-tuple 105 comprising 
three of the search points 101; for each 3-tuple 105 of the 
sub-plurality of 3-tuples 105, determining a distortion at 
each of the three search points 101 of each 3-tuple 105 and 
adding the determined distortions of the three search points 

10 101 so as to compute a sum of distortions of each 3-tuple 

105; determining a selected 3-tuple 106 of the sub-plurality 
of 3-tuples 105 having the smallest sum of distortions among 
the sub-plurality of 3-tuples 105; identifying two closest 
inner search points 107 within the search area 102, the two 

15 closest inner search points 107 having a distance from the 
selected 3-tuple 105 which is smaller than the distances of 
two further inner search points 108 from the selected 3-tuple 
106; comparing the distortion at the two closest inner search 
points 107 and the central search point 103 such as to 

20 determine that search point 107, 103 thereof having the 
smallest distortion. 

According to the embodiment of the invention described with 
reference to Fig. 1, the reference search point 103 is a 

25 central search point in the search area 102, i.e. the 

reference search point 103 is basically located in the centre 
of the search area 102. The number. of search points 101 
making up a 3-tuple 105 is three according to the described 
embodiment (n=3) so that the 3-tuples 105 can be denoted as 

30 triples. The three search points 101 of each 3-tuple 105 are 
adjacent search points 101 in the search area 102. Strictly 
speaking, the search points 101 forming the 3-tuples 105 are 
located on the perimeter of the search area 102. As shown in 
Pig. 1, the polygon that equals to the search area 102 is a 

35 four-corner diamond having four faces, wherein each face 

makes up one 3-tuple 105, wherein each of the four 3-tuples 
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105 is formed by three search points 101 located on one of 
the faces of the four-corner diamond. 

In a method step that is usually preceding the method steps 
of the block motion estimation method of the invention, the 
above-described diamond search method is carried out with the 
result that the distortion at the central search point 103 is 
smaller than the distortions at the eight search points 101 
located on the perimeter of the diamond-shaped search area 
102. This scenario is the starting point of the block motion 
estimation method of the invention. In other words: the 
complete diamond search algorithm of the related art usually 
employs two different sizes of diamonds, a larger one for a 
coarse search and a smaller one for a finer-resolution search 
(see description above) . However, when combining the diamond 
search algorithm of the related art with the described 
embodiment of the block motion estimation method of the 
invention, only the coarse search with the larger diamond is 
carried out according to the related art, whereas the finer- 
resolution search with the smaller diamond is substituted by 
the block motion estimation method of the invention. This 
means that it is a goal of the block motion estimation method 
of the invention to estimate a particular one of the inner 
search points 104 and of the central search point 103 at 
which the distortion is minimal. The position of this 
particular search point 104, 103 equals to the position of 
the frame block in the reference picture 100 to be estimated. 

In the following, it is described how to carry out the inner 
search in the case of the diamond-shaped search area 102 
using the search scheme of the invention. The inner search 
within the small search area 102 determines the final motion 
vector. The search scheme of the invention leads to check 
only a portion of the inner search points 104, namely the two 
closest inner search points 107, that are near to the checked 
search points 101 of the selected 3-tuple 106 with the 
smallest sum of distortions. This can save around half or 
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more search points for the focused inner search. It is 
assumed that the distortion at each of the search points 101/ 
103, 104 in the diamond-shaped search area 102 is known or at 
least determinable. In the following, the preferred 
embodiment of the efficient inner search scheme of the 
invention is described basing on exploiting the information 
of the eight distortions of the search points 101. 

Since the diamond-shaped search area 102 has four faces, the 
consideration of three adjacent search points 101 along each 
face will produce two closest inner search points 107 to be 
checked (compare Fig. 1). By adding the distortion values of 
each triple 105 of three adjacent search points 101 along 
each face in the large diamond, one can determine the face 
corresponding to the smallest sum of the distortions which is 
denoted as selected 3-tuple 106. Then one simply needs to 
check the two closest inner search points 107 near to the 
selected 3-tuple 106 rather than all the four inner search 
points 104 (see Fig. 1) . The distortions at the two closest 
inner search points 107 can be compared with the distortion 
of the central search point 103 to estimate the search point 
103, 107 with the smallest distortion among all search points 
of the picture 100 (or at least of a selected portion of the 
picture 100) . 

Referring now to Fig. 2, the block motion estimation method 
according to another preferred embodiment of the invention is 
described using a diamond search pattern. 

According to this other embodiment, the block motion 
estimation method for estimating a position of a frame block 
in a reference picture 200 as compared to a position of the 
frame block in the current picture is performed by 
determining, at a plurality of search points 201 of the 
current picture 200, a variation of the current picture 200 
as compared to the reference picture, the search points 201 
defining a four-corner diamond- shaped search area 202 along 
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the perimeter of the search area 202, the search area 202 
including a central search point 203 and inner search points 
2 04. The method comprises the following steps: sub-dividing 
the plurality of search points 201 into a sub-plurality of 3- 
tuples (not shown in Pig. 2), each 3-tuple comprising three 
of the search points 201; for each 3-tuple of the sub- 
plurality of 3-tuples, determining a distortion at each of 
the three search points 201 of each 3-tuple and adding the 
determined distortions of the three search points 201 so as 
to compute a sum of distortions of each 3-tuple; determining 
a selected 3-tuple 205 of the sub-plurality of 3-tuples 
having the smallest sum of distortions among the sub- 
plurality of 3-tuples; identifying at least one closest inner 
search point 206 within the search area 202, the closest 
inner search point 206 having a distance from the selected 3- 
tuple 205 which is smaller than the distances of further 
inner search points 207 from the selected 3-tuple 205; 
comparing the distortion at the at least one closest inner 
search point 206 and the central search point 203 such as to 
determine that search point 206, 203 thereof having the 
smallest distortion. 

The block motion estimation method according to the 
embodiment described with reference to Fig. 2 differs only in 
a few aspects from the embodiment described above referring 
to Fig. 1. Therefore, in the following, it will be pointed 
out to these differences, whereas the non-mentioned aspects 
are basically identical for both the described embodiments. 

As shown in Fig. 2, the polygon that equals to the search 
area 202 is a four-corner diamond having four faces and four 
corners. Each face makes up one 3-tuple (not shown in Fig. 2) 
in the way described above with reference to Fig. 1, wherein 
each of the four 3-tuples is formed by three search points 
201 located on one of the faces of the diamond. Beyond this, 
four further 3-tuples are formed by one search point 201 at 
one corner of the diamond and by two search points 201 
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located on two different faces adjacent to this corner. This 
means that altogether eight 3-tuples of search points 201 are 
formed according to the embodiment of the block motion 
estimation method of the invention described referring to 
Fig. 2. As one can gather from Fig. 2, the selected 3-tuple 
205 is formed by one search point 201 at one corner of the 
diamond and by two search points 201 located on two faces 
adjacent to this corner. 

Again, it is a main goal of the block motion estimation 
method of the invention to substitute and to improve the 
finer search within the smaller diamond, whereas the 
preceding coarse search with the larger diamond is carried 
out as in the related art. 

According to the present embodiment, the edges or sides 
information concerning the distortion in the large diamond is 
exploited by adding the distortion values of any three 
adjacent search points 201 in the large diamond search 
pattern. Here, one totally has eight 3-tuples (triples) in 
the large diamond pattern. The triple that has the lowest 
total distortion is chosen as the selected 3-tuple 205 for 
the final inner search.. The number of inner search points 204 
to be analysed in the focused inner search is either one or 
two depending on the position of the triple 205 with the 
lowest total distortion. Fig. 2 illustrates the inner search 
in the frame for the case of the so-called Vertex Search. 
Vertex Search means that one of the four 3-tuples comprising 
search points 201 from two different faces of the diamond- 
shaped search area 202 has the smallest sum of distortions. 
In this Vertex Search, only one closest inner search point 
206 will be checked which is located in between the centre 
search point 203 of the large diamond 202 and the selected 3- 
tuple 205 (compare Fig. 2). In contrast to this, in the frame 
of the so-called Face Search, the two inner search points 
nearest to the triple face with the smallest sum of 
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distortions are checked. In short, the Face Search 
corresponds to the scenario described above referring to 
Pig. 1. According to the other embodiment of the block motion 
estimation method of the invention described here, the 
average number of inner search points 204 to be checked is 
beneficially further reduced compared to the number of inner 
search points 104 to be checked according to the first 
described embodiment. 

With reference to Pig. 3A and Fig. 3B, a further preferred 
embodiment of the block motion estimation method of the 
invention is described in detail. 

According to this further embodiment, the block motion 
estimation method for estimating a position of a frame block 
in a reference picture 300 as compared to a position of the 
frame block in the current picture is performed by 
determining, at a plurality of search points 301 of the 
current picture 300, a variation of the current picture 300 
as compared to the reference picture, the search points 301 
defining a hexagonal search area 302 along the perimeter 
thereof, the search area 302 including a central search point 
303 and inner search points 304. The method comprises the 
following steps: sub-dividing the plurality of search points 
301 into a sub-plurality of 2-tuples 305, each 2-tuple 305 
comprising two of the search points 301; for each 2-tuple 305 
of the sub-plurality of 2-tuples 305, determining a 
distortion at both search points 301 of each 2-tuple 305 and 
adding the determined distortions of the two search points 
301 so as to compute a sum of distortions of each 2-tuple 
305; determining a selected 2-tuple 306 of the sub-plurality 
of 2-tuples 305 having the smallest sum of distortions among 
the sub-plurality of 2-tuples 305; identifying at least one 
closest inner search point 307 within the search area 302, 
the closest inner search point 307 having a distance from the 
selected 2-tuple 306 which is smaller than the distances of 
further inner search points 308 from the selected 2-tuple 
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306; comparing the distortion at the at least one closest 
inner search point 307 and the central search point 303 such 
as to determine that search point 307, 303 thereof having the 
smallest distortion. 

It is emphasized that the comparison of distortions in the 
final method step with the distortion at the central 
(reference) search point 303 is in some sense optional/ as 
the distortion at the central search point 303 has usually 
already been analysed in the usually preceding coarse search 
with the large diamond. 

According to the embodiment of the method of the invention 
described with reference to" Fig/ 3A, the reference search 
point 303 is again a central search point in the search area 
302, i.e. the reference search point 303 is basically located 
in the centre of the hexagon-shaped search area 302. The 
number of search points 301 making up a 2-tuple 305 is two 
according to the described embodiment (n=2) . The two search 
points 301 of each 2-tuple 305 are adjacent search points 301 
in the search area 302. Strictly speaking, the search points 
301 forming the 2-tuples 305 are located on the perimeter of 
the search area 302. As shown in Fig. 3A, the polygon that 
equals to the search area 302 is a hexagon having six faces, 
each face forming one 2-tuple 305, wherein each of the six 2- 
tuples 305 formed by two search points 301 is located on one 
of the six faces of the hexagon. Altogether, six search 
points 301 are located on the six corners of the hexagon- 
shaped search area 302, and the central search point 303 is 
surrounded by the six search points 301 and is located 
basically in the centre of gravity of the hexagon. 

In the following, an efficient method taking advantage of the 
knowledge of the distortion information of all the six 
checked search points "301 on the corners of the hexagon shown 
in Fig. 3A is described. According to the described edge- 
based inner search method, firstly the sum of distortions for 
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each pair of two search points 301 in each face (i.e. for all 
the six 2-tuples 305) of the large hexagonal search pattern 
(i.e. of the search area 302) is calculated. Since the large 
hexagon has six faces, there are six sums of distortion 
values obtained from adding the distortion values of two 
search points 301 (also denoted as check points) along each 
of the six edges to be compared. The 2-tuple 305 of the large 
hexagonal search pattern that results in the smallest 
distortion sum value is used as the selected 2-tuple 306 for 
focused inner search. Only the closest inner search points 
307 nearest to the selected 2-tuple 306 and being located 
within the hexagonal pattern need to be evaluated for the 
inner search. Referring to Pig. 3A, three closest inner 
search points 307 are used in the focused inner search, 
whereas the five further inner search points 308 need not be 
evaluated for the inner search. According to the scenario 
illustrated in Fig. 3A, three closest inner search points 307 
have to be checked, as the smallest distortion sum occurs in 
one of the two horizontally oriented 2-tuples 305, namely the 
lower horizontal 2-tuple 305 of Fig, 3A is the selected 2- 
tuple 306. In contrast to this, only two closest inner search 
points 307a have to be checked, if the smallest distortion 
sum occurs in one of the four remaining slanting 2-tuples 305 
of the hexagon 302. Such a situation is shown in Fig. 3B. 
Furthermore, one has to mention that the selected 2-tuple is 
a different one in Fig. 3B (the lower left slanted 2-tuple 
305, reference sign 306a) than in Fig. 3A (the lower 
horizontal 2-tuple 305, reference sign 306) . 

Combining the inner search scheme, i.e. the block motion 
estimation method explained above, and the large hexagonal 
search pattern of the related art, a more efficient block 
motion estimation algorithm being part of the invention is 
obtained, which also exploits the motion information in the 
region of support comprising the neighbouring macroblocks. 
Two different search patterns are employed according to 
different motion activities. As the motion activity of the 
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neighbour macroblocks is not very high or the neighbouring 
motion vectors can provide a good initial motion vector, the 
block motion estimation algorithm will adopt the small 
hexagon (diamond or cross) search pattern for the gradient 
search. Otherwise, i.e., in the case of motion activity is 
high and the neighbouring macroblocks can not provide good 
initial motion vector, the block motion estimation algorithm 
will perform the search using the hexagonal search combining 
the large hexagonal search pattern and the efficient inner 
search described above. 

Summarizing, from the above description, one can see that the 
proposed efficient search schemes attempt to maximally 
exploit the strong correlation among the inner search points 
to be checked in the shrunk pattern (e.g. diamond or hexagon) 
and their surrounding search points checked in the large 
pattern. The same idea can be applied to other search 
patterns, e.g., square pattern. Several methods (compare 
references [1-5]) have been suggested and some other variants 
can be also designed based on the same idea. Using the 
distortion information in a group, such as the distortion 
information of a tuple comprising at least two search points, 
instead of using distortion information at each individual 
point, one can achieve more robust performance. Combining the 
efficient inner search with the hexagonal search method, a 
more powerful search algorithm is developed, which also 
exploits the motion information in the region of support 
comprising the neighbouring macroblocks. The efficient inner 
search method can be easily incorporated into some other fast 
motion estimation algorithms such as the three-step search 
method and its variants, four-step search method, etc. 

The invention may be implemented using a special electronic 
circuit, i.e. in hardware, or using a computer program, i.e. 
in software. 
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The block motion estimation method is preferably used in the 
field of video encoding. 
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106 selected 3-tuple 

107 closest inner search point 

108 further inner search point 

200 reference picture 

201 search points 

202 search area 

203 central search point 

204 inner search points 

205 selected 3-tuple 

206 closest inner search point 

207 further inner search point 

300 reference picture 

301 search points 

302 search area 

303 central search point 

304 inner search points 

305 2-tuple 

306 selected 2-tuple 

307 closest inner search point 
307a closest inner search point 

308 further inner search point 
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CLAIMS: 

What is claimed is 

1. A block motion estimation method for estimating a motion 
vector on the basis of a position of a frame block in a 
current picture compared to a position of said frame block in 
a reference picture by determining, at a plurality of search 
points of said current picture, a variation of the current 
picture as compared to the reference picture, said search 
points defining a polygonal search area along the perimeter 
thereof, said search area including some reference search 
points checked and inner search points to be checked, 
the method comprising: 

• sub-dividing the plurality of checked search points into 
a sub-plurality of n-tuples, each n-tuple comprising n 
of said search points, wherein n is any i-nterger number 
from 1, 

• for each n-tuple of said sub-plurality of n-tuples, 
determining a distortion at each of said n search points 
of said each n-tuple and adding the determined 
distortions of said n search points so as to compute a 
sum of distortions of said each n-tuple, 
determining a selected n-tuple of said sub-plurality of 
n-tuples having the smallest sum of distortions among 
said sub-plurality of n-tuples, 

• identifying at least one closest inner search point 
within said search area, said closest inner search point 
having a distance from said selected n-tuple which is 
smaller than the distances of further inner search 
points from said selected n-tuple, 

• comparing the distortion at said at least one closest 
inner search point and said reference search point such 
as to determine that search point thereof having the 
smallest distortion. 

2. The method according to claim 1, 
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wherein one of said reference search points is a central 
search point in said search area. 

3. The method according to claim 1, 

wherein the search points of each said n-tuple are the search 
points along the perimeter of said search area. 

4. The method according to claim 1, 

wherein the reference picture is a preceding or a following 
'picture of the current picture. 

5. The method according to claim 1, 
wherein n is equal to two. 

6. The method according to claim l f 
wherein n is equal to three. 

1. The method according to claim 1, 

which comprises a three-step search method, a four-step 
search method, a diamond search method or a hexagonal search 
method. 

8. The method according to claim 7, 

which comprises a one-pixel search method or a half-pixel 
search method or a quarter-pixel search method* 

9. The method according to claim 2, 

wherein n is equal to three, wherein the polygon is a four- 
corner diamond having four faces, wherein said sub-plurality 
of n-tuples comprises four 3-tuples, wherein each of said 3- 
tuples is formed by three search points located on one of 
said faces". 

10. The method according to claim 9, 

wherein the distortion of two closest inner search points are 
compared with the distortion of the central search point. 
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11. The method according to claim 2, 

wherein n is equal to three, wherein the polygon is a four- 
corner diamond having four faces and four corners, wherein 
said sub-plurality of n-tuples comprises eight 3-tuples, 
wherein four of said eight 3-tuples are formed by three 
search points located on one of said faces and four of said 
eight 3-tuples are formed by one search point at one of said 
four corners and by two of said search points located on two 
of said faces adjacent to said one. of said four corners. 

12. The method according to claim 11, 

wherein the distortion of one or two closest inner search 
points are compared with the distortion of the central search 
point. 

13. The method according to claim 2, 

wherein n is equal to two, wherein the polygon is a hexagon 
having six faces, wherein said- sub-plurality of n-tuples 
comprises six 2-tuples, wherein each of said 2-tuples is 
formed by two search points located on one of said faces. 

14. The method according to claim 13, 

wherein the distortion of two or three closest inner search 
points are compared with the distortion of the central search 
point . 
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Fig. 2 
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Fig. 3B 



